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ABSTRLCT

r report deunribea the methods of acqaiaition, pnmoomtng and ana3ysis
of field data for roeliebilt' asasursent on three emsees of Air force
Onmi Netroto Mqutpmnta. Th. tfild study wee de••ined to acquire
audfieteeet ootrolled deita Bow oowtea wth • •.,n,. rvi"
prefdietie and laboratory teStE that have bieen conwrsnt:* psrforzd on
the *sme eqSipmte. The equipemte ebeerwed are ad follow.

4cwm catons(AEA1R0I27).

A sample of equipments of each type above was selected for oboervation
from fou operational squadrons withia t" Central Air Defense Forne.
he program at each site consisted of the following elements, described

in deail in the report:

. ij Ibdoctrination of Radar end Comsuniationa Personel;

2t Collection of general information about the site, including
equipeent, operation and mJntenance prooedures;

3ý Kasur•m•ent of equijuant .nvircment;

Es) £stablashment of controlled data collection.

The controlled data collection phase iat extended over a perid of abodi
one year.

Data prcoossing, statistical and enrineeringl analysis techniq;Aos are
described. To illustrate the vartoty or Inlormation available and the
methods of access, a sai.ple mazhin? rin-off tabulation for the FPS-3 is
presented. This report describes mottnods employedjresults ort all equip-
ments and sit's w-ill be contained in the torthccmivg Final ingineerirn
Raport.
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METHODS- OF FILW DATA ACQUISITION,
REDUCTION AND ANA3SIS FOR OWUND

! '.T'MONIC AQUPM~T RELIABILITY KLMUIWIN

1.1 o ~ *The purpaa of this 1~10 ftinse1ag
t -I to daeribe tf ,amthods us-* to sewadre, rees ad anaiwpe

deta obtaed from grun electronei i.4ua i t located at four Ai Flre
imstaUstiAfeis n Owe OeUata Alz Daemm (cADU). hmewmatian from
tbree major eatogatee of grousW elect~roui~c equipment wasu coLlect"d.
The tUU "peotWto eqijnt aselected for Shis propom wsores

a. Padar -AN/FPS-3
b. Navlgatjuas4 Aid - AIIAWI-20
a. Coounicstiona - ANA33.-27

Failure data plus envirenmental, mainteanace and ev-9. rlitm't '--
rf!ei I-- ~.-. avulew@s over a period of aft yewar nd will be used
to verify theorstioal rsllabillt predictions an th above equipment.
Ixli-,.#dual predlctions an eacft .aulmet ane catatmA in spectal
e-4in4 Sr 4 ig mpo.ts hero r, efereaod.l 2, 3

1. 2 ,.verall .P~~a Goal - Before deecriblrg the field data colle0tion
phase in do+l it il2 be sonec to ;onsider the principal goal of the
easurement and prediction etwV. Lt way be stated 'to follows

"To develop and validate a method for prediction of rel•ability
of ground islatroiic equipment in advance of production."

To accomplish this skstod objsctive, a three phaee program has becn in
progreuss (1) Prediction of inherent rell.'.Uity, (2) Laborataoý tA.t
to verity the prodictio4, (3) Field measurement to subeta*Aato the
predictizn end laboratory tests. Due to the Mreat variet of environ-
Monte) conditions, maintenance pra'ýtlce, eq1tipment Uea'e and history,
eto., it it c,% expected that fifld measarsuanta, of relilbillty viii be
nurmerl. -y equal to prediction or laboratory teat results. Hoevei.
the Y*,. :tionahip or eor'reJ atlas beti.oen thesea phasins ^uvt Vie offtestit of
the doinant envimonewAtr4 faoem must be determinea if the namutu
value is to to rOfned, from a vrediction.



l.1 -C •J.• of tt aqDta - l. ju Ph•s - t uo s ire a se-
produn aitm Aoid q i of fwd thation to enable vu"oA

= ri s o4•O U-2 ndiwG1 -t2 a n d l a b m t o vb the o ot e l .i w a s t h e O bi j e ota I
til # et& eollection phase decrlibed in this report. Dft. an

eqGIP S Op O isMWOe tawess, mairatenaw pt o tr~oe edtvaiviag a
Wf 'isife of pereconl, envir m, tal factors, ard othefeore o essential

req•t oefAts O• the"imld program. The organisation han Implamentation
of the proeps ax d*#or1We in the following s~etiton.

2. ThLZ 0 Tu~ n=E DATA OMMLTION MURNU

2.1 Seletqtý* of !9gw%- It was initially intended to select equip-
sen 2 athat UWi zhIIaor categories which reprosmntd Use latest
produced items. Mamiar, it, no found that such equipment was not in
the field iadfficiest. q-Antities to provide adequate fallur data ald
corivenient3.y located to Make it eono~mically feasible. The AM/FP3-3,
AXMrf-20, 'nd. AN/t ---27 awpeared to be the moot logical choice. Thq -
are uted extensively In the field as a system mad have been in operation
for a sufficient tirm to have acuedmated quani•it es of dakta. ffect
euiad' tene 01 iefctg m•tiur as opposed to seuy introduced equipenat,
ae: (1) the leaninmg cmurm, that has a pronounced effect en reiabis ty
Qf nl•w FOA-aediced equip ints, .•in not be a lare factor for the maFtwer
eqti;eots, (2) engiueering changes and reahofite that generily piage
data collection pro•vrn• on on equiAents wU rnot he a mahjor lactor on
mature equipment&.

202 Looatioin - Th- three equipmnata studied are used by AiLr-
-r lv . and il (AC) StatIona operated by the Air Forcs d -i

strategically located throuphout the United States and overseas. Although
it is ,enrolly rdcognis- d that enviromwntal xtre"se ad•ersely affect
eqhuipment r#efor-ance, this study was not 'si -ned to determine the efr fcte
of hr.rld-wide environmental cond'tionn on refllity. The emnphasis vs
placed on obtaining contro-Iled, t Igh quality data from a more limited
scrncrc. ý'otr A*_`4 iiltut withir tmi C'o'int Air Defense Force (MYD) wore
selec~ted. The locritivos rsrpreeent a moderate variationl in cilimatic can-
ditions; I.rJipmonert ueare was similar at each site.

2.'3 Pt~itmlný foT, Datat Co-leciicm - All toio frcjiently In t~he history of
data i4&aV-fif.T9 PWc*.jsn nYI-e that vital. inform.-ition is niusirw.
In -.aarly P-exy industrial organization tnere az'e flier of~ data WýIich.
will never te -n-i*yted due to incomplpete informatio.1n. The anhalr-s'. all
tno often is called ' af~ter the dait,, *ia' beien collosted and requested
tv cr-)r iiry -wth tcI',r, 'villd un ?di!Antr'd cnzI'hnior. In a eim

_ý') tro avoid thi.-if*,er-Uin-i'7ct dilvmn~i, The f'"In dNtt co~uction
wx- cat.fJ'1 jy i)1net r itl, -',1' Xv tu'-:ari thý end it

nf h



3. WHIOD OF DATA ACQUISJTTON

341 Gornral -The observed r*1lIablity of 1kn electromic aquipm*0- "n
serviiimai is affected by a amber of faoter". Astsi ;ao this ftp.. ,,
of merit is the inherent capability of the de$I.Rn however, usage,
maintenance, and other *nvirnmmental factors ma hl" a marked eC,
on measured reliability. If a designed eqrpeiaent to to YieU
aid useful resulta, it Uo imperative to list &A.d mae-iie, in so. fA.
poamiblop t~hQse factors believed to htave aignif leant influncne on
final. Tsult. A useful standard ham been prepara4 1r, te Alsofronic.
Ind-,otr4~,** Association for reporti Wreliablltr uuworammnti.4 .Some
of the factors know to affect obaer'" ,'e)isbilsy irm listed below:.

a. General climatic and equi~vent onvironmeniwa, conditiona
b. Definition of the equipment or 5ystiim
0. Criteria nf adequate pewftoiweiee
d. Definition of failuares
a. Operating time or time to fai.Lure
f. Opermting or usage conditions

h. Sampling or estimating techniques (undsry1filk aauumptiona)

3.2 Fil r~t - Field data aequisition at, oact~ Mibil
was pci n-r~nawr-"U'~osctv phase@ as 3 toted below:

a. ZqUipment and site general information
b. Short term mea,'ureaent, of equipment environment
a.* Long range controlled dat~a collection

3.2.1 9quippient and Site General Information - Appendix. ý of this'
report is an exhibit of the "Equipment and Site Info~ie=io- -A '.* n-
flairs' that was usee in the preliminary phase of the ditta iiio~ t k
at each rita-. The information was recorded under four lke t~ra ca,.;-
Coeies briefly desoribad below:

a. ACMW Site Questionnai-re - including inforr~ation on 'r~rain;v
pftsi..-al surroundings, eqnipment locations, type of traffi-i
handled, supply set up, etc.

b. Equipment Questionnaire - listing major (,peratinv uaitla,
equipment operation, test equipment used, operatix* 1rtp c-
tions, hi.story, modif !cations performed, and past.,a~i~

c. Maintenance Prnoodures - descr.Lbinp method of repntinv., logoa
anid form-i used, daily, weekly and riqnthly check-s pirrour~iid, %-uu
other iters.



4V

--dm Section (PersMO~In) '--uestioriaaire -liatInt nuber of pereons,
m Iilitary aij4 civilian, expewienoo. #advostiou, J~ntb of service,

One of the moat important areas of the Squipment arnd Site Genera7.
Iforwatioii pha. viarthe logrinm of past data referred to in item. (b)

abv. At least, one year g data on ,'"tpi'ent was tramesribed from tho
va4io saur*" available, Sources of (;at&, =ire as follosm:

RC27 AM.PS3ad~2 M P -2

£qAipmert O'jtaFk Ligs Rader Laiay Log, APG 141,i
AM AFOorms 4a3, 1.3A and h39 Failure Rhcord C&d, AM 155
Unsatisfactery Report (UP.). AFTO 29 Work to Be Donie log, ADC 188
Failos R~eport Cards, DD 787 ?idlure Mphowt Cord, DO 787

These forms wer-e merteened an4 croaa-chw.oked with each other to obtain as
ac-curate and cluaxititative data. as possiblP. In somle Insancfles, Informa-
*ion sreow~ad ^wn -. ftr te., z~ W-t 'ýPwaons arising

durinp the proeewisin were reerre-1 t~c tarn v&int~eriazce persionnel for
claz'ifiettion. In Reneral, iftforrationi was reor coplato from. the Radar
baotlon, xiniLe Ut.iyare~ required to cimpapte dai1ly logs.

3.2.2 Short Term MeaeuremenL of 9Qsicqnt -xvi?.ozuent, - The two mat
imotn n wInfluence grou"Seimet*

reliability ar in~arnal ambient tempsrature ard line waltatje leral and
variati n. AccordiVly, cv-atifhous moni1toring of Lhese values vam
obtained for several days on sach equipm~ent. Use of graph ivoorders made
it po~aible t~o estpblian a dsfirdte ti3me ral~ation betvoen rquipwar.t Leis-

paper on each r.o~or-,'r (thc ocn'io-ow'. temperature ronr e t~i
oqual rati of aeed. St~artinps t~mitua ,411- n! u~tch mtaya r'-1bwnlt wasa Uot&I

rin the chart. fa"r to enable correlat ýon to he made be t~eer. each type of
pqpi!,1,xvn~t. X~c. reci'rdor was5 mri1teord throuvhout tl-.e dos t< insure
propri rx"eration. No &pscific ýxriod of ktmne vas a~lotted, for the re-
A'ViiflVYW of tt-e varinDug p~rn'w-ers, haoyr forty hours 6f ree~ordinF prov'nd

to be &JcqUat' to PrOVi1i0 !tfMic~r,?. 1>

J.?2.~Te~~*rt'ie ?t-s~'- -t - Dturtmf the relItablity prdition

lina # of t prcyZ;7as f - ini v; ir qu'.-^rit toicperatu.r.s wre wonitozed at.
mtany poiunts thi.courhout. l.-*i nctiment :Kiffl typical opogrott R oot'
Fox t~a field program tl w,!, felt, thit M 3il:sle w.ar-irement of exhaust
air temrerat-.'r:', ir*'.id he -w.'Ptipn :t ý'jfi.tr -orrelatimn tri~th VJA'



was made by placing a cooper constantan thermocouple, size number 2h
or 25p in the ethauwt air strewn of the transmitter -anf) the wire, con-
nelmKed to a strip chart recorder to registsr conticuous t",-is atwv

, readizW. Thermad masaunfwtnts on the FS-3 maid GPl-20 presentd mao
* diffioulties sineo mom of the equipment was located on a tower mounted

rotating antenn. Recording devices protected by a weather cover were
S moented on the rotating secton. Checks could onl.y be made when it was
S ¢convenient for the operating and maintenance section to stop the rotating

3.2.2.2 Line Voltage K0easurom.st - This was, ohtained by use of a "oa-
tinuous f•rietrip chart recorder using a center pen and two edge marking
pens. ?o pi ovidm the proper voltaWe for the center pan, a dropping
reseisor and a r-etllter was inserted in series with instrur.cn. AC power
source to allt 'for !.)- mn's one milliJap move..ment. One aide marking
rpen was used to record power ON condition and the other carrier ON con-
dition for the ORC-27. This vas accomplished by connecting each to tUs
* ppropriate relay circuit in the trammitter.

3.2.3 Lo_'. Ranle CGoitrolled Data Collection - The purpose of the long
range provr a. was to eolleCt daily information on equipment performance,
failures, x.itntanance action, time, temperatr's and weather conditions
and any o•A4Rr information that might affect observed reliability. '7is
progrwo '2- ca-ried on by the Site Mib ne.cr, section engineers and
military ma.",t-.oce personnel. About ten ,months of continuous reportin?
on each eqviptxnt at each site wab performed, Specially prepared log
sheets were pr.*t-ided tr:- insure reporting of sifficient det,'il to anable
subsequent enFlrte~fl.4lnr evaluation and claaskfication of observations.
1ypical form!: used are con'hnaoc in Aowcvlix -i of this report. There
were three t. ies of forms u-.- .

a. Daily Lop - to recore. all .Rfintenfnce acti.•n, railiu:•db.a 0 0'

their descrintion, tine anr! othcr perti-.nL oustryailons.

b. Meter Checks - to record the m3r.urod vallid of tho key equ.p-
ment operaL:nc paranetors on a ,ifily basis. (.xnce th crltelr,;
of rdcruuLt -rrfoi rnani.t, was ba'.ed on observeo measnu, enl.s of
the major equi;ipnt otneratir%, charict'ir.tics, these rr.uasurenx.n+f.
,a;2t! the inf,^.nation r.!cortfei on thr. aaily fe fuormed the basis
for failure intro r-tion an' cla.s:Iica•tun.)

U. , e," •. tjv.. t-,y .t-il y ,-.{ -," r 'z ' .+ u i' .'y Lop-

icc..i ~ ~ ~ ~ ~ "P .~ i~'t i9J~ t' wat?
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volteg. trp OMF~h Wn4,noUtcd 10 the pripsae. powe tW649S¶

= v f II eo ~oLft.f fuiictions. Time aq .*~ t = .d
%o V 3 e BEWO -sU"C -1 Ohars &ae a built1z roe ws 1s 04 q MP

3.•.1 Ma1n -of oordinaS Prior to Selection of the AM st%*
to b nawa)v~uthe Central Air Defamee Fort* head-

qi~rftMw 08 a*000iy. UtS 8tatua Of all equt.& 06 theiu 8VLU.-
bilitr fWste* ane dsoternd. The progri as .* ch "We wn a 3tivated
b. a 1held eftsinse., teo oonseetim of * u engianer "0. e teinivtan,
who had hn6 Previous exprisaee ana knalo of the equiment uner
Study

3.3.20rs-L~tait-on of Si,* Esrmml - The key personnel at each @ite
were brie! on the progr~am procedure. qThis inclu•ed an w.enlation of
the goals, the procedures used. and the aae' re±4fi
iuns. naiirtenate section heas were giwun a thoraugh ORiefin on the
prooedues @reqired of then during the controlled data oofl.etion ptase.
This was compte4 as ian as possible on arrival at the site *-o that
thi controlled date collection phae could be uwrvisod during the
informational and r,-iaa-' en•n orhase. Inatrutlon Slhata ezi1aixdx4
the reqtuazd enta ... and poper procedures to follow was distributed to
both sections. The data feedback sosts. is shown in Figure 1, "Failurt
Dat e. Psed'Jk. In acoord-nce withi the program, Air Force m& 'nte• uice
personnel amplpted the logs. The logs wes then collected by the RGA
teabaical repre.,itativoa, sormenm"I and submitted to'the site sngineor.
After a goneral inspection "or crpleteness, the I. e 1 -.er forwarded to
the RCA Reliability Rese3aesi P'-ojvctg, (if 'ie.

3.3 3 Ob~tsi.niw "ye Pallj - In reneral, Oats pertinent to the
of rOU1-1 il,-y o7-• eac 7quitei;t was oitained in th-ee vayst

a. IFrm *xietizn, loja, techaical ordars, and other forme kept
try the squtadrcn,

b. Prom fe-rmal and infoni,?l cnvr,-ojt'on w th pprsqnnl sapon-
s'..le for operation and iwnW.Priance of ther e,-•.•et,

ir:gnrerAl ;ýfnnrm~in, RanH ý'w t~l j,s,n...snt n d.imna be in
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portion of the site visit the 'long-range data collection phase (3.2.3)
was begm. There we.re sam problems regarding the long-range data
collection phase that could not he resolred until the propram had been
in operation a sufficient time to revral questionable areas. tiiasslacs
in the log fo:vw, for example, *aon appeared. These problem areas were
roesolved through continued correspondence with the "t4e engineer.

3M.A Veneral. Asnoete of Field Data Collection - Thore is nuch valuable
inform&Aon availae in the frii-d Wrt'_Wm-iiv does not reach in-
terested agencies through tMe present reporting metAea (i.e. UR's &Wd

,DD 787 Failure aeport Cards). Due to the variety and quantity of paper
work requiroed from maintenance seotions at, e.ah site, only the miniaw
amount of information in supplied, This often reas.Lts in ineoplete
failure du•acriptinn. The case for the maintenance man is justified in
mav respects since hie priarFy interest is to acnompllsh a t-hor,,g
and rapid repair of the equitneet wtsnever a failure occurs. The cmaplete-

ness of faiiuie fona is of little ignificance to him, since, once the
data leaves the site, resuits obtained from the data is almost never mada
Laiomn to those originating, the informatton. Field nerscmnnl i he " L'-

-i: ý t -,Pavvw quaiity or equiueant failure reports by including them
in the result. of various studies, recomsendations, etc. resulting f.'a
th. aralysis of the failure dati. Thin can only be done if an adequate
feedback system is established behtnen the field and various agencies
ippras-sing the data collected from such a program. During the conduct
of the program described here, coples of all monthly letter progrose
report-) arn InterLw Engineering: rnports have been furnished to each site
to help instill a feeling of participation and interest in the project.

4. M-MiONG OF DATA RUDUCTTION AND ANALYSIS

4.1 ClEssirication *f _ oZEof DZt - 'the information collected duing
tehe thire -p;asepro-grm ossooe d Wr n se-tions 3.2 is of two broad cato.
gorles: (1) infotmation about ,• sits and equlpmemnt environmnt, *Ain-
tenance policy .nd practice, *quit*w,.,t history and usae, personml data,
etc., and (2) obtorvations of equvpme't performance. failures and thair
desog.iptJ" a-ad the main e,.Ik.s acti,)n performed.

1.1.1 Cermral Site arri .' v.isent Tnformatton - Th,. ,Ats of 4.1 (1)
above w -M'np ee~ rmsttun equi-rontznt aa i~ ta",
ti rnrreinte prodict).<n and ]nboyatory r-..•,ts with fielill tubnnrvations
, tm dt, t tt., f.-rr;m n•J•, *,ii>yin• t'tocr between inherent equip-

im•nt reliability ,rd tha.t ]inol. actually achieved in zervice usn. In
ifn,.,iJ thii 1,,1'ormation is not. sui'..1i f',r auii.nmntilc rJu'.

will be presented in thv fina0 r'pmrt or tbi-n-o tn y W'nr*. l .
bi•lity riedi}ct, t n: , t,-."t rn:.,oltt, ii,-i f t-ri. 1,3a:' '•:•h::• ] a .•",•
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..1 ? r._lure Data and Maintenance Action - The upeifto failure data
and .n nnce action ol' 4., (2) b, ha been oollect• Zor a period
of nearly one year since the beginning of the field progrý•. Past.
data, taken from site logs zrd other foms da3oribed in section 3.2,
cowered a period of appromriately one year prior to start of the saroia!
field study. ThiA data will be used to refine part failure rates
which are basic to the prediction method. It will also be used bn
determine logistic support roquirsownts. Since all factors necessary
to a reliability estimate were not know during the period represented
by the paut data, it will not te used in the reliability oalculation.
The present data, collected since the start of the fiel.! study. therefore,
will form the basis for determiiation of equipment reliability. The
past and present data includes about 0= replatexmnts at n i,-: rbs
autotatic machine processing for minximw access.

4.2 Failure Cltsification and Interpretation

b.,. Ulassification - Every effort was made to select only those
primary tfalres responsible for equipment malfunction in the cslcula-
tion of equipment reliability. These are the vc called "true random
failumes". In complex equipme.,t cocpoved of mary clas.-is and subclasses
of parts having diverse failure rates ns well as mixed ages of service,
it can be expected and, in fact, has been demonstrated, that the aggregate
Zailiuv rate of these parts will tend to Le random in nature. The aclassi-
fication of failures is further described below under nine convenient
types. In the examination of past history data only a rough interpreta-
tion of the nature of the failures was possible. By careful analysis of
the daily log sheets obtalned during the controlled daek collection phase
of the pro~ram (present failure data) it was possible to determie- ;n
stost instances which replaced parts wure true random fallures. This
wvan ccit:plished by considering the type £i' maintenance performed
(sclhodihled or unscheduled), the nature of the failure (rapid diteriora-
tion of a key operation characteristic, etc.), operating time of the
part prior to replacement, etc. Some specific equipment Fuidelines
used in the interpretation of feilure data are. given in eubsequent
parapraphs. Failores wore vrouped in accordance with the following
penernl failure cla..ficsntionez

Type I True dandom Fatlures - Those failuro", primarily responsible
for eqW;;,-ot t,,'&''" u, that occur witbin the oporation tit" period
aft-!r e•itn.nation of lesipn defecs and uxot.ourd partn and before the
occurrcnc on* knoon we/rout phnno...n., e.e caTr'ed as Type 1. Any
fPiJurp- t:-f. cin Juifi fhly bn narjir'.'cd to ono of th. otbhrr cIUht
catp'orien 7ý-'ul'¶'net. 1eC 1;inr' rnndn-n 1'aihi, e. An ex-inplf., of
a Type I f'nil"rn ,• th." rnn-jkm "opc," ,rccurrin7 in a re.A!tor wire
aftnr 'vqral ?-inlrod ho'ins op'rntlczn.
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(a) Be Failure8 - When parts fail as a direct result of
occurr in sane adjacent part, the second••y

ai-oes aem classified as dependent. It is common practice,
to search for sericas overstressing of ascociated purta when
a failure occurs. Sound maintonance practices anticipate
this and replace parts in related groups where neceesary to
bring the equipment back to its Initial state of readiness.
Only the prJm part failure oa be included as a ransom
inWepeornt fat,,re'in accordance with the exponential failure
mcdel used for reliability moaeurement.

(b) Parallel Failures - These failures are not secondary failures
as we have 4o)Fined them nor are they true random failures.
They will not result l an immdiate or imminent malfunction
o~f the eqi.nt a paxje iailure by
giving exvmpless

1, A meter failure that does not result in equipment
malfunction.

2. A portion of equipment that is not used under the
preent operating conditions but might be ueed with
other pieces of equipment.

'Tpe 3 Wearout Failures - FatIle which can be avoided by preven-
tive aauin i oe ancordance with a preoscribed schedule. Fasniple
of part types which fall into this cat4gory during the useful life of
the equipment are vibrators, rapid action relays, blowers, notors and
certain general and special purpose tubes.

Type a Initial Defectives - Parts which are not representativa of
the normalWaTi in -tat they contain defects or abnormal weaknesses
which result in their early failure. These parts can occasionally
be picked up during inspectlon, but are usually detected during the
early hours of epaipment operation, ccmonly referred to as the de-
bugging period. AU tho. d&fcctcive pariW are replaced by norm.lly gocd
owe the total population of initial defectives decreases exponentially.

Type 5 F5rforaanoe Deteri6ration - The drift which occurs in pprts
under atress can cause an accuulzatiot.% of tolerancem to the point
where margn.Ai operation lo obeerved. Such "i., .on&' .r, not
ec'Ai .ent o�tA bu b bxt P , isrious;9a.3 directly oiA~roa2 i IV tho
cthlsuli of Jwb•o.,nts enov.Jdg a p-t of' thh dsign Interit. On
thAs befle, - P,"d pe rform~uance iteri.i-abion will ronAitatct a

tu........-!!..-.......... '-Ctt.~



Type 6 Non-Operational Defects - These incl-ide parts whic.i are re-
placed because of defects not affecting the actual operation of the
ayte•m. Examples in-lude manual controls which are replaced be-&use
they.are difficult to operLte (a stiff potentiometer) or the replace-
,ncn of a tube with a cracked phenolic base while the tube oontinued
ýo perform oatisfaetoylly.

Type ? Workmanship ltwx. - 'rheed result L.ia incorrect factory lab-
rication, assembly or provuesing of electronir. parts, eubasesmeilies,
wires, mechanisms, etc. Eound factory tochniques have demonstratod
the ability to reduce ruch Zailures to a very low residue, through
proper testing and Lnsapetion. Therefore, they are omilted from
reliability prweictlons. These items includ. chance oamage caused
by personnel during t-eting and trouble shootirn, solder spill-over,
inPA-~l-tPS+ o~er f .j 5 , z;iaiývies oi panels, etc.

Type 8 Design Changes - These are replacements of types of parts
or signifircant changei in the design introduced to achieve a higher
perf~rance capability or reliability level but not directly based
upon evidence of failure ocurvence.

.•Ye 9 Dt M rr Failures - When equitps.Tht malfunctions ovcur
repeatedT' and can 9b;etaced to a specific fanlty design, it is assuted
that corrective action will be farthcc,.ng. Such failures are a
natural part of debu,.ping the design , just as ini-cally defective
parts are debugged in the r'snufac~urinr procet.

Some comments on the above clnsvification are appropýiate here, It can
be antiotpated that classifica'Aon of failutrns is not easily a4ccmpl3shed.
Some knowledfe of the equipment, itg operation and maintenance is essen-
tItI. For example, the equipmoqts .Atudied have been operational for a.
number of years. Due to constan;. replacements the ares of "o various
parts are well irdxod, Wearout failures and performance dnterlorat.ion
will appear more or lxsa randomly. Since it is not a practice of CADF
to keep a record of tho acres of all parts, it Its not 4lwayfý possible to
dis•tiwuiseh between performatice deterioration, we~rout and trute random
failures. Oenerally, when parts were repac ed durzir proventive main-
t.pnanc. to optimize uqVtpment r'-rforanco or to repylie itevma suspectsd
of impending failure, thoea itVms were a!zirntnd a Type I or 5 elass-fi-
cation. Yro••ewvr, primrn•J fatliiru that were not -ýntiOinated -nC rosulted
in non-meheduled mainter,ance to "f.ztrc Uqupi:o!f:nt Lu $Ati,:ýaotory opera-
tion, :.orr- r'ivnn th, Tyvp i. ,laotdicai.ion. So,,; wearott itet,* 'Ire
unavopiaby included.

, 9 ' *" . -.. .g rt ' :a ,nf a•kf i. ,,,,d Op,raL , -
1'n0 Thdj o(' Or t~h9 •u~it.r~t. of r~iiitintni.:nrv pricti.Jtas nd rimdit
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"operation is essential in the classification of equipment failhires.
Xxperience in the field by the engineers carrying out the field relia-
bility study or, equipment included in the progrwm made it possible to
develop part failure interpretation aids for each equipment ty•.e
Speoific consideration& for each equipment are listed in the following
paragraphs

4~.2.2.1 AN/FPS-3/KPS_7

a. It in often a practice to perfor,! maintenance on Indicator
OA-175 only rhen a major equipment failure occurs. At this
time the unit is replaced with a spare wuit if major main-
tenance is necessary.

b. Total failures from all indicators were considered to reach a
mean life msie the number of Liodicators varies from site to

c. The failure of R-3740 and R-3741 associated with V-3705 and
V-3706 in AM-389 is normally caused by the failure of V-3703
or V-3704.

d. Art items listed as being burned out under preventive main-
tenanctp shuuld, if an independent failure, be clasirfied as
the trye random type and as having occurred during a non-
scheduLed maintenonce period.

e. Where a TR tube is indicated as burned out and ih replcced
during a preventiv- maintenance period along with a receiver
crystal, the TR tubN should be considered the true random failure
which occurred prior tu Lhe preventive maintenance period and
the crystal a dependent fail'ure Receiver cryatal ftiltes will
only be conside•-ed as the true random tvvm if the failures ars
independent. (Note - The repeated raferience to failures occUr-
ring during a scheduled maintenance por.nd has bean brought atout
by a diverrified maintenance schedule followed in several areas
of CADF. This method allows for maintenance scnedules to be
renerated from rite level. When a fai2ty- is eido.t a ,Aalf-
Y.hnarresperlcd( Is raneraflly granteri and classi fied 8s ?, she-duled
naintenpnfm PnnrloKW7Uý7t,_ rac hi-F~tiu~ajf a nof non-
scheduled Mio nte-e. Tho nyete ahether h repair eNu15-

hs.2.2.2 ýýC-27

a. *iere lot- utrftZio.:; fail to Andiceite uh~thor a repair was ~oa
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plished durinr a scheduled or nbn-zchedul.d maintenance peri•d,
it will be aswmtmd that the failur- octurrro during a non-
scheduled maint.nince period.

b. Tube tynes |hXle,) and 2C39, replaced durinf a scheduled or non-
scheduled mnint, nnnee period, must be closely screened to deter-
mine whether the faillre should be clansified as a true failure
or a wearout fa'lure. The length of time that elapsed since the
.rvious failure was considered in the classifiation.

h.2.2.3 AN/PX_2O

a. The system includetk two AN/IPX.6 TX.RX units and one KY-5h coder
Sunit. One AN/UPX-6 unit is used as a spare to be interchanged

* periodica~iy or in event of' a unit faiuire.

b. A close check must be made to determine the pioper reason for
an AN/UPX-6 unit replacement.

c. It is a normal prnctice to perform maintenance on the KY-5h
coder only when a failure occurs.

h.2.2.h" Al] Equipments - Where tubes are replaced during a scheduled
maintenance perJ od the number of operating hours which each tubte ha&
acotmulated was estimated to provide ttnformation on wearout.

L.3 Phjsical .spects of Day% Handling

hl..1 Ocneral - The rquantity of failures obtained from the field war-
ranted the urn of machine processing to reduce and, to an extent, analyze
the data. Figure 2, "Failure Data Reduetion and Analysis Proeess",
illustrates the eteps necessary to acquire usable information from the
raw data.

4.3.2 Failure lata AccnuntAiTr -nd Screenrini - Eqipments from which
failure •it,.• wa obtained were aF5sir'ned a i-jmex.cal identifier coda.
Site and euuipnuýnt icicntifir-s are nh'-m in T'-t½ 1, h"Site and i\{Znent
Cned'*nf, Fi5lId pr]inbility Stud.y". P"t.66 oquiponlnt failuro; ias then
procesrred witl; the sitr- identifier and ennri.eni. identifier. Failure
data wa3 t;.ken from tho lops, which had been processed as shouu in
Fipure 1. .Anti rcret'er.d for CeTp]je~ness. Where thcre umre orieslons on
Min log shcO'tq, the -ito engineer oripinatinc thorn war notified of the
discrepancy and requested to nuply the miusin, info,,wqtion.
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SITE AND EQUIPME4, CODIJ0
. ~~PM F4W UUA9LITSIXY STUDY

Squipant
Sie No. Set, Na'. Nomna , ature

j 1 2AN/ORC-27
3 AN/FI'S-3

4 ~ A!/tPX..tO

I* 6 A-NA3Rc-27
- 7 AN/tRC-27

28 AN/WIS-7I ~~9 AN/GPX:20 /0T-

I 1] AN/'0RC-2?7

312 AN/GRC-27
313 AN4/GRR-7 & AN/URT.-.3

14 ~ AN/MPS-7
15 AINA3PX-20

*16 AN/LiRC-27
- 17 ArN/GRc-27

le AN/GRR-7 & ANIO/RT-3
19 AtJ/MPS-7120 PT/GX-20

I ~ Ptq-olrorcd with clhin),cd time nreter
Eriuitr:,rVd Withi ci innprl tine met~r. 6!nr-le cfinnol (IfF

dat.-i nol 1 c ted for ruajm(-ripjt-r,- informntion.
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6.3.3 Failure Classification and Tabulation

4.3.3.1 General - fho failure classification and tabulation stage of
data proceselng was one of' the most important steps in the reduction
and analyeis of field data. A careful engineering anelyuis was made
of each failure and thce failures assigned to ono of the failure
olassifications outlined in paragraph 4.2. The daily record of readings
of the important equipment electrical paramet~ers was coneulted, where
necessary, to pr'parly classify the observation.

4.3.3.2 Tabulation Sheet - The failure infora•ation was coded and
transferred to a tabulation worksheet, "USAF Ground Electro-ic Equip-
ment Failure Report Tabulation Sheet", Figure 3. The tabulation sheet
is necessary to insurs thet the raw data is reduced to a form suitable
for transfer to the% IM card. It 4a ocmprised of 80 columins with 22

;=p -.; '.t'i.j_- -vr hivau Viniun reeardinr each observation.
The worksheets were then used to t-r,.sfenr the inforaaion to an 80
column electrical accounttin machine card (6hcun in figure 4, "Field
Pailure Rep.ort Card".) Codinr is usod on thesa worksheets to utilize
all the information perta" inp to each observation.. A description of
each column group and thr. - "dtin, used follows (refer t--Figure 3 for
columen numbers):

Report Number (1) - Each failure was asais,7ed an accounting number
for identilication purposes. Each failure for a particular equip-
ment was n..Ahered in order of occurrmnce. Six spaces provided.

Vate of Failure (2) - This is the date when the failure occurred or
part was replaced as indcrnted on the dally log sheets. The nur.ni-
Cal ,•uivA1,nt. of t)he f.hth anri the !act two digits of the year aarc
used following the month-day-year sequence. Five spaces provided.

Circuit Symbol (3) - This Is the symbol used to identify the part
fn t-e &qýTpj :CIi.e. V-150?, R-2118, etc.) Six zprcos provided,
two spaeas feri let-tAr cod !n e. fo"ur space-' for numbeir code.

Sii:: r!,.½:'..f) - mril in, the -ite n)='f,nntor nujnbivr fr-,m which thV
1q-!|•,.•-,.ýo fAl~ure orir•inatd (:sne Talie 1). Tarn "Ipacl are p.J-

F.1,3*[ T ('t (%) . ",: -,lu nt t'°r ,: . ... o.
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'~.A.

-*ANrS- &

AN/AOR '-?? 0~
ANAKx.20 X2.
AWAIP.RR-7, GRT-3 673

~jqjg Set Number (6) - ,cl equisw~nt is c c'.y(e
Tamei1;v !wm isiiiW-oTated with a given a ýte. ~r -,pit, 30t *1
ass be tratisatedi troqt a ma~iter equipmer~t 13t ru ,~ i ierig of:I

TSe-'ia1 No. Ma'.1if a~~rer

T.217A 1644
R-278 2029 Collins
KD-129 1026 WloUfts

Majr Uit 71- No cad~iri Is required1. Six spaces provi~d.

An3xisl or Subassemby (8) - No coding rtquiared. Six - c"_provided.

a~lrk ~p~ -This space is utm4 to *idwmtify types ot pý&ts. See
AIp .ilii III, 'Brieakdown of Parts, as a Claris ino Vario~us Stbolasses".

P~rtNw or Tubb, TyK ( . Part name, -iuch as relav- I resistors,
~ (i.e. 6AX5, estc.) iu entw-red.

PW Vendor (10) -The first, three lettere or p'srt ?.. ftesttiv.,r are
use. Wem hena,'se of the 'sasitufcturer consists of twfo or muore words,

tM first letter of each word in used. Three speces r-rovided.

Ytv nd~to of Tmh~jo(_1 - The rir-st tndicati-)n of trouble to
6,cwe . onse o to roll-wvnrcodegis

D~ecriptlofl

1 ?,ow I erforpiancr,

W, I ~rly erc

(Jilt~ lif'. .. . . .vll
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te, Conditionse 1? -(12 of the follovine codes indicates
I ý-* QM%&M4C hr eq ~efsnt caused by the fai lure:

(1) odse 1 - Squirseent operating with reduoed capabilitLea due
to tJuta rfat1W.

(2) Code 2 - The equipment out of commission due to this failure.

(3) Code 3 - The equipment, operafivr without any reduced cape-
bilitie due to this failure. One space is prvivded.

Timm M - The recorded duration in hours and tenths that the
eiipi~iiwas inoperative during an operational condition. Three
spaces provided.

Tia 1)- 71njis to n- zctual timue irvquirwi io repair a
L n boa and tenths. Three spaces provided.

Caror lics. Om -rim.e (15) - 1tis is the ctu1:tiuV reading in
houJI•e ©orFod duriviT whl-.h the transmitter is radiating. Five
spaces prov oed.

g u Lm Time 016) - This is the reesdt in ho'u-s ot equipment
. s" th' t6 iof the .*atU.12ad data collection phans. of tha

progrva, Five spaces provided.

Part TIMiI•_ Sor.ce 1(17 - This is the time, to the ne.rest hour,
that t pat functio prir to removal or repair. Pive spaces
provided.

Was Rpl! nt Part Avallable (18) + The entry here i1 y (yes) or
.spceisa provided.

Failure Dscriptin (19) - This area is broken down into three de-
R34-55 nt conisi.rod noeemeanr t.o fully deccribe failures. The

entire succoss of the field prorra'n is dependent on a complete ovalu-
ation in this section. The sections arc broknn nmmn for both past and
present dit--. Th• tý,tnmr rr cofe, nwjrLna Ly Jn the followinp
manner.'

A. Type of Reoilzcement - Oe:pajcc orc'v~inel

Past Data P Dcrmt i!a

I. Non-'rrlhlrUJsOR remrc,,-rzni. 1. Non-,tchndntind rriad
Prevlontd u mp'i,.rlor'.n,.,
pe,ýr 1,:tH rir I o'|
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9. ~4fr' Ofr ý'PiAoc provided.

La's t. 1ý t -3 Pmont Data

1. ksotrlwl a li lectroinic, 3. Eleatri"1 replaernentelootr-Mechjenicag F-. lectrica adjustimlt.2. Kee~hanica .< ~ .FElOt-rical repair
6. Mecharia,!ý rerlace*aiat

8.Mechani±cal r~tr~

C. riescrlptiov, - "tsae previde..

Pa3tData 
- Pqn¶nt I~tR.

i.. true ramronI raneil?.1 rc7,4= fa1,r2. Performan~ce detqriorat~j% 2. md~?i~(raptd) 3. Woaront ;GiI,'kre3. Equipment malfunctboni cor. 4a. d&t,.oee ter-iorationrec~ed by, unit replacemWent 5. Wofl-operaio1nal failure
i.P~qUiPD.ent. M& f.UnCTAo1 COr- 6 Others - describe in datailrected by adjustmeant (damiiaM, 0wrhul tern,
6. on-operationai railure gtoin e
7. Iepeident failure
5.Other -describe in detail

N Tert will be rinticed t~hai¶ tohe F311-ro. deacript~ion here does notuxactly follow the p'ernral cln9i,-A..2tiofl givern in sec~ion L.2. The1'aora i thit. rertatn typar, sq a.ý -.orkmnirehip ii~um, design *rvre~,or chanrea, anrd initial dof~ctives do niot frequently AJ41Y to mstu";ed~burped equipr'~en In t~he field. iýn p'4ae of thee* infrequent it*=,,% corie namhor 6 on the present data and 8 on t~he pasbt dat~a, 0ttm'ri",tx usied. This calla, for- a trailer card to fully explain the entry;t~his is al-o printedt on the run-off sheet:,. The description oft~ilure typ.n or-"MtAi1 ini sqcticn 4.2 Is lotended an a fý%neral guiaiofor une an~ approprtiete on, any eluipmient at any stage An it-, dobignPr~cduction-'as eyr~le.

71~~~~~ ~ a fFtlien(0 Fil'irr Ly;ýoa .;re those described by theUtan IYa rF c~re lit ooscrlbing vnriniio, tyT~ee of' fziluren nd~xu~nn w1ith t~ht ý0 V17? Three np... ovp-tjded.

-. or Preirennt. Pitji (211 Obnervitic.. ;4re cnlod witn a uijr- (1) to.

'ýnrd )JLL.::w). (W2) -Ono cr-~:ntIw,,,~ ..



a194. Palate intoraniLm ptand an these cards is not coogd.
_46U& oati en4 tw "trailer cards" ers coded rmsriwotny In

_.,*W~pf~ O W 40 Number,, eolswi 1, *hie%, appe.'sar 4t6f original
eptEV f" V~tr *wh trail1.r card" foridntnupa oe.

All of the trnformaation prisented on the
trmfstrodto thle 8o-fvlm lacti* tical asemut.

iw Mea~i ee4 (Viur* 4) by use of a tq7 Punh Macchine. The icor-
t'ti IU in the ftom of boles. which permit thte card to be aaemd tW
*ietpktaL clnuttt of tha icrtWa eAd tasbletia vqt~ nt.' %Wet~ri
vba patiued, x weratftM4D sort cd aha tabszIated by addiltiona~l wmchine

kd. ?eai.a Is 4.3 a - %~ tta:ý &eur(.-re
.24 ati m r~i~jUAM so tistical gystem, technical editing Ise

emilaooUhn t moats of a Ute tabialatt'm. ?he toat tabulation reveals
ing~i~ataeIn eaquemm or sia or omtsatoes of data.

ILoh Btatisatol Arheys

4.U. ~Prior 'a mehrma tabulation or ýrun-eff,#%W cards must
be sort4Fh& Kac*me oanven~aent a4 liofl sequence. %orting, a imachin
pr~pcass, vow be made by equsipw~t typo-, Iy location, by part replaced,
by'fakilore ene, or any of a uKrg .n r of ways; the sort may ino~hd.
principal ard mnior r, .ng. For this mtaxty a total of eilght separate
aortva e, made to tAemmd. wminia avaflshilifl or data. 'the Aarts are
nofmariw-d beilow:

Past an ?rennt Data. in 5eqnnnm

1. By thronolIcal date of failare
2. f?4 itiet'ilt bym.Yol and date of failure

Hfy -%rt descriptl',n within major part catelyorios

Prasent, Data In R\equence

9s y* timot irdervrd ror true randad trailures
9~ voriljure description baearo',*, dependent, true random, etc.)

6 By Vwnm tim for each arsgenbWy aM/lor major unit
/. %'y rerair tlV'e for oath iiew-*1y and rni-)jr unit

ruin-v~ff thnt -,iv-r mndu "r(-, tll .2N tairdi. Th'p r vtr!~snwr hprre i.8
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a portion of sort 12, described in the preceding paragraph. The data
presented is from the AN/FPS-3 at Site i. The data is tutalod b7 equip-
ment groups and subtotind by ausemblivs a cimruit symbols. True
random failtirts are indicated by a # sign, and tot4aled ceording to
circuit Oymbol. For example, there were three trva raAoaI fa.lues a"
of a total of five repl-eemente of pert V-8522 located in aeeumbly PP-552
of Oro% OA-175 of the AN/FPS-). The principal result@ of the field
observation progrwn are derivwd from these rn•a-ff •eoets.

h.h.3 Ssamle Presentation of Data - Statistical suwmaries of the assen-
tial falura, replao-ement, and mua.ntenane data are presented In the
fo2-lou• tabl (ref. Pigae 5),

Table 2 - "Replacemnts and Tru Random Failures by Major Part
Catiegores for AN/?FS-3, Site 1r. The total number of true ranlom
failures by part category is obt~aind in t yza t %f .'-n. rr 11-

e~~Li -.i1 .,;m lubwvtais or true rwndda ftilures: appearIng uider
eol~m grep 3, %T" SIA". The total mxmbor of replaoments by part
atea"iy is obtalned by addiyw the subtfotal figure which appete

wmder cluem 20, *"TP. FAIL".

Table 3 - "Total Replacemonte, True Random Failures and MaWntenaroe
Time by Grcupe for AN/PM-3, Site lw. 1?e data extracted by major
equipmsnt Croups is presented hers. It is obtained from column
group 7, '%IAJ UNIT". lowm time end repair time cam rotm column
groups 13 and 14.

Table 4 - "IFsilure Description by Major PAtt Categoriem for A.N/MP-3,
Site 1". A suimary of replacenenta by failere descriptiol ir obtairAd
frou column Mrrup 19, "FAIL PCD". The nisumere 1-6 .- for to the failurv
description.

4.4 Eatizate of YquiMe*t Reliability - From the data presented above,
the ieliability of AN/FP3.3 at Site I may be esatimated

Total Operatine Time (T) - 6399 hours
Total True Random Failures (F) - 115
Eatimate of Equipment Mean Life (M) - - 63W v 56 hours

Figures 6, '+Probability Li-mit for the Poleson Distribution", shorm that
the estimated mean life is between 6 and 69A9 or 148 to 65 hours.

T I3y



R0PLjCC42SNn AND TR(IE RANDOM PAl LUFZS IIY
MAJOR PAMt CA=ZIR=X FOR ANs/7PS-3, 31Th I*

I Ctc~dtTotal j Total ?raw
part Caetgry7 Symbol JR opl "N~to 'Ramdcm 7.41cm,

Ceableos R 95 7
Capaitores S 1 1
Rýyel Crys tl R 1.5 9
?nCoils wrL 2 1
Caflctioe a 5 1

Filters Z2
* (hrts K?.

Terminals E2 ________

Dotal j____ T9 115

*For reporti-hg period 26 NCCILh through 31 December 19,57
Total opierstinr time 6399 hours
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TOTAL T z,'?Yr-, TRUt K.NDOm FrALuS, AND

I *t .Tow. True
Groups Repiaomaente Fandm Failjuea ,Mwii U t.• P~w i.R

Generatr•r OA-17L 5 3 6.3 2.5

Ind-icator 0 - 7 •. . . ., .. ,,:' 75" _

Contol 0.Ai'19 6 1. .

Rceiver OA-318 019 20,0 16.0

Blanker Indicator OA-319 1 1 2.0

M .M Colli

r z~itor, A-9819147IS.? 6M.

Aton" AB-180 2 1 1.5 .9

iscel.aneous 1 0 .4 .4

Totl5 392 115 258.0 15b50

* For reportinfr peritd 28 March tlrouth 31 4rceibir 1957
Total operating time 6399 hows



CATEW)ORIM FOR AN/7Pn-3, SIT& 1*

Silmure Description - Oolum 15

Parts Symbol0 1_ 21 3 6l Total

Res•istors 1 6 2 15

S Capacitors C 2 2
N-type Crya&a3 C 9 25 13 6 53
Coils1 L 1 1 2

1on2ctare 1 2 1S Cabloes 7 2. 9

Relays , 1 1
Trana'rnyr,, T 1 1 2
CaEvitles 1 2 3
Filt•re I 0" 2 2
Oear.e 4 1 1
Blower-Kotors B I

T i 2

1115 i)4 5, .1 161 0 27 398

SFor reportiil ýeriod 28 .March throurh )I Leceober 1957
Tot.il operatdiFu time 6399 hours
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4.5 Engneriag naJZie - Thre are a number of profitable ways by
"wiioh ait& eon be frther analyzed from t?,e enmtlete and detatle1rd
ewmeries provided by the run-off taimlatioce. For stample:

(i) Which classes or subclasses cf parts represent the highest
failure contribution on each equipment?

(2) Which individual cirruit e'estents within classes have the

highest failure rates?

0~) Whcare are the most sigr~fioant pkrt mteappltcations?

W1 What items or areas secant !~or the largest aowunt of main-
iounane tlMn

(5) What items account for the larpeat portions cf m"ppr-t eei~t?

Them'* 4' t1td t.? iowvor., trne main purpose of the
entire Dredictiol stwidy Is to perfect a prediction technique which will

1Norreltate na~sonably well wit-h itold observation. The erhAaie I-,,
i&'¶e-fore, not on how existitg eaidpent can, be JImproved, important as
thle irty bes, but rather howý Oau, uN aquipmeflt8 be Cesigned and produced
with a W.0h operattional reliaba_'t, an 'with a minim'sw of the ills that
plague our protequt day operational equiaanta.

b.5.1 The Ralintility Ftnction - Basic t, the ,wsaiureaent and corrola-
tiin. ot fiel1d ret-iablt 1 it 1 prodiction or tost renul,,& are the ustamp-
tiona made In the field maswurumnt. Or* of the principal "ae 4ptimns
Pmuds Iii nrxsenting 0t.e reliability estimate of psrarraph h.b.L abctve is
that the .nquipment failurv rate is const~ant . th* oc-,urrence of failure-fs
is distributed as a Poisson. If th faibvire rate Ir-.crvases or deuneaspa
with time% or if fal 1m'rwe !tw zmri tur3ll~v w-ýae he abons enrAnte
is probably not the best weasure or tquipment relinbility. It is,
there( in, necessary to test ttw! Are'w,11ttu2 Of C~onetnnt fkiliur 0ccurs
rena.. The following test is an example of the engineozint analysis
thiat will be performed on each equironnL at. much ekem to determinx Uthe
valility of' the reliability rteasurewient.

hb5.2 TMe Kornrvi Trov ?t - Table 5, '1t!r~ and Tho~weticc2J1
Reliablyii-iTu-nectinE for MM33 sit.o 1', pies~ents the date of 'Table 2
in % .Aiftc~rcntV f-ýorvz. A run-of f thO 1 ien stzil;ir to thatt ehown in

Fium5 biot awrayrged by date u failure wse raiparpc1. !,raw. this tab,
the 1ntervo'n. b4tvcpn true rasvt:r; failVtR-e, wý,xv nblslnnrt, Tl-'zet tn*ýtcT
vals art, -~iiled.:tn th irit tWO Crdw'snq,, gof T . -or

'Thi" ths:. ~'.o -v.: .'tnhij Iit . 'he fourth co'v-in presents tV'm
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TABU 5

ODSIRVD AXD THWRE71CAL RUJABIUITY
R3K.MT.IWS I= AN/FPS-3, SITE 1*

Absolute
Difference

Interva Between
Between Failures Probabili ty Imectad Obsea*-i:I -n

F ur• . (Mra) (C.umulative) (Cwml4t,4 v) Probabii. (e " xpte~d Prob.

0 or mor&e U5 1.00 1.000 .00C
20 or more fin..0 .6&7 .003
bO or nor& 55 .h8 .06 .006
60 or more 40 .35 .340 .010
80 or more 30 .26 .237 .023

100 or more 2h .21 .165 .O00
120 or more 23 .20 .n6 .08h4
l40 or mre 20 .17 .080 .090
16) or more 16 .1h o059 .081
180 or .aor 13 .1.1 .04 .070
200 o.- more 9 .06 .027 .067
220 or more 7 .06 .019 .041
2j0 or more 7 .06 .013 .047
260 or mre 7 .06 .010 .050

* Observed ^,lums for reporting period ?8 Match through ji D•Loember 1957.
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theoretical probtibilities of failure occurrenme within tl j intervals
lieted, anaaijw a mean ti. p '.o failure of -55 hours. The last column
shows differcnces between thioret.'cal and observed values. Thie ihfor-
matiM U eshow raphi!ally in '%wr. 7, "Observed and Th-oretical

-PA.IU, • Y FvAction for AN/FK-3, Site I".

Thm Iolmogorov-Smirnov, or D Teat as it is rometimes called, is performed
Se follwes:

(1) Refer to Table 5 and select the largest absolute difference
between the obsev-eid and expected probability. Frm the table,
the largest vale 1o .09. \

(2) Refer to Table 6, 'Critical Values of D in the Koltrgorov-
Spirnov Onm-Smple Test", and determine level of sirniftcanoe.
ror 4 al of 1'5 observations, D at the It lv ia
I. 36/9MT1 a127. Even at the 2C% level D a .10.

(3) Prowl this test, by comparinr. theme values -with the .09. value
In (1) abo-e, it is ,oncluded thst the obsevmed deta fits the
exponential rurve reascmably well. The mean 1ite esatioate
of 56 how,* is, therefore, a valid estim.oe of FP'S-3 relia-
bility at Site 1 over the period and Wvor the conditions of
observation.

5. CONMLUSIONS AND IUWOWN1NDATIONS

The complarisona imd correlations of preddction ard laboratory test
resaulta with field observations .s beyond the scope of this report
These flndings will be contained in. the fortbcoming final report. The
techniques of tield data collection, reductiv-t and analysis have been
dou-cribed and d ,r.et6'Lea Iaire in aoae datail. From this progr=a, thA
follwalnt conclusiows are derived:

(1) Much valuable information associated vith equlpment design,
operation , maintenance and reliability can be obtained frcm
Air Force operntionnl squadrons that is not normally reported
in a munnar to perwit ready %ccess or valid interpret4tidn.

(2) The m"thods described In this report constitute a practical
procedure t-n spCblifht -Ind fo',,q clearly on the reliability
of ground electronic eninrt.ent in the naturdl environment, and
under the c nIitionrv of ..ervicn uqe.

(3) Field personnel ,rq .anxious to cooprntr in ttn. collectlon
And frClh.¢c (of vitd0 e.uiic:int opnratton and failure data.
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TABUE 6

CRITICAL VALUES OF D IN THE
KOIJMOHOVaW%&4IflNO ORE-,WAULL T,,ST*

3p~e J Level of Sinidficance for D *Mexiimu F (X) -Sn (I)-

(N) j 20 j.i15_____j .05

10 .326 .2-4? .368 .410 .690

Over 35 1.07 1,14* 1.22 -616

_ _• _ _ _ _ 28 .JT _ _8•o

.I

* Extracted from ,Iassey, F. J., Jr., 1951. The Kolmo.orov-Smirnov Test
for Goodness of Fit. "Journal of American Stattitica! Association",
Vol. h6, p. 70, ,itth p-..--isuion of the author and puibl~sher.



This Infomation tis extremely valuable and can provide. tih
missinfl link botx.'e-. Aentirn concepts and mature, rcliable
equi~pent in the cui'itoy •nd environment of the user. Feed-
back is a two-wa" at~reuts the value and quality of information
that comes from fhe field depends to a large extent on the
deree to which iield personnel are included on the team and
can see moncrete res'.its from their efforts.

(10 The data collection" in this field survey is an exceedingly
mall sample, confined to operntirn squadron, within the
Central Air Defense Force cow.and. More complete knowledge
of the effects of environment, usa", maintenance and logriat.ic
support on equipment reliability requires a representative
study of equipments It other'Air Forte coaurnde throurhout
the world.

(•) Althourh the program doscribed here has provided Invaluable
information toward the developoent. and refine-nt of a relia-
bility prediction method. it is admittedly too expensive to
apply routrihely to al equipments in the field. However, it
is evident that scme practical means must be found for routim,
valid measurement of reliability on all typse of oqulipxnt in
the field. Thin knowledge would provide a gange or meavure of
the .reliability status on which intelliuent Action of the maker
and user could be based.

'n) e techniques of equipnent obs-nration, data eo.Llection,
pro*essing, and analyols for reliability meaturement described
here can be applied to tOhnt itudy of otter nreas by similarly
focusir, atten'ion on the evrential underlylnr variables, For
example, a stucy of maint-.inabilitv and its effect on ewjuipment,
total cost and value to the ut.nr is an area that urrontly rn-
quires Increased atteition by Industay and tho Military today.
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WIPM4T A•D SITE OEEMRAL INFORATION QU&9IONNAIFE

Ii' INDEX
ST

1. ACW Site Quest 4.onnaire 38

2. Equipment Questi onnaire 39

2.1 M4jor Operating Units 39

2.2 Spares and dench Stock 39

Se.j row;er ource 39'

S -. 2.4 Test Equipment 39

2.-5 quipment Oporation - ho

2.6 ELquipment Instructions 40

2.7 RHoarks i0

S2.8 History 4-1

S- 3. Maintenance Procedures Ques.lom•aire 4)

4.. Section (Fortannel) Questionnaire 44

t
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1.' ACW SIT& QUESTIONNAIRE,

1.1 .enora1 conditions surrour ing ,it.e (as to population an terr'ain)

1.2 Umsual env'~rommntal conditionsa surroudin.g site (Elec. distur-

bance",,a~ tur or otherwis*e)__________________

1.3 General. location of enui~itt wittuin t~ho .4+p (Al*^. 4" r '

. !A - .. .. I . . . ..? i

othar electronic equiisent)

1.4 Type of traff'ic handled flight, medimu, heavy) Explain

1.5 Suppiy MAq~uacy: a. tUydt b. Tech C. Depotý

Ex~plain-____

-6. Ii~markS__________________________
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a. Teahnical equiuent

b. Tactical Use

2.6 Equipment Instructions

a. Tothi. Ordors (Are t~bay~kept. up to date?)

b. =airtasce rn4 Opera I ose aI I I bwka (Am tw adequiate?)

o. O.J.T. Program (Is it aatiziactory.)

d. For=a Training (Nil. Sehoo.s)

s. P. I (.5q~idrvnj Ope~ratJinq Policies),

2.7 Remarks



2.8 HistoZy

a. Brief Description

b. Present OperatinW Condition

a. Modifications
_________

Description ToO. Authorization Date Completed

d, ________ I Dt (see next page)

d, Previous Failure Data (See next page)
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APPENDIX III

BRKAKDOWN OF PAs AS A CLASS

INTO VARIOUS SUBCLASSES

(As Coded for M•.bhine Tabulation in Sect~in L.3)
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CODDL 
SF 'USULATIOII

A
B 50ri-.199 Aa 50o-1999 

BD 500-1999, 5ou-1999 OtherF 5oD-1999 UnknemnG 2-m-30r9 A
H 20OD-399. 2000-3999 HI 2000-3999 Other
K 2ODD-3999L 40oo-59•9
L h0Do-5999 A

o 
0 9 iither0 WJo4o-599 UnlmowmQ .•VV ,•oy-.J) AQ 6000-.8•;.9

s 6000-8999 B600C,,89)9 
Other \T600o-8!,gg 

UnblovuS9000 
or more A

W 9000 or *ore Bx 9000 or more H
S9000 or mor•. Other9000 or more Unkaom

Z llnclaaafi, d

BZ (SYNca) -

(Z is to be added on to basic circuit symbol B)
0o0A DESCRzPToN
A 

Control TrannformerH 
l)Differential OnoerAtorC 
Dj.fferential MotorE 
Generator

E M otorzU l -l n * f ! t'd
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CODE JAN OR MIL TYPE MODI•TCATION

A OB StandardB CB Variation from basic charto CB Closest to itD CC "StandardE CC Variation from basic chart9 CC Closest to itH CK Variation from basic chartI GK Closest to itJ CH StandardK CM Variation from basic chartL U4 Closest to it
C ON Standard
GN .ariation -rwEo,basic cnart0 CN Closest to itP C ? S ,uuI .da

Q C? Variation from basic chartR CP Closest to itS CV Stan-dardT CV Variation from basic chartU CV Closest to itV Air StandardW Air Variation from basic chartX Air Cosesý to it
Z Unclassified

CR (CRYSTAL)

CODE TYPE OF MATERIAL USE

A Germanium DetictorB Gcrmanim p-N..p Trans4 ýtorC Germanium Point contact transistor
D C'ermanium Rf ti fier
E Selenium Detector
F Selenium p-N-p TransistorG SeIenium Point contnct 4 aasistorH Selenium Recuifier
I sillcot. De-ec torJ ,'•fillicon -:~.Transisitor

3 j,.orn Poilit contIact trzusi.otorL :; 1.H ,-nn Roce i.(,r
Z "n.j 'ivc. j
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COm DMSUIPTZON

A Air Cproosor
B 'Adapter
0 1,eRaidtor Asseimbly
D Capacitir Aem"bJi

F Iw~eiidator
* Incamdesce;;t Lsmp AC

I neandi&bcoft kuwq DC

*In 1Jie came of E )jiin either of these. uast the coda -develoejw
Em.r T, -A p1ze ar I aft--r 41r -. ,i t ui~i

, IDCATOR)

CODE D"SCAIrTION

A Glow Lam~p
B Iuzandescent - AC

C Ixucandescent - DC
Z. Unclassified



J AND I- (JAC4S, FLu.,9)

hw o ic'ivi;coag TYPE 00wpcAC7

A AN or MS 1-3
AN or MO 4-?

"CAN or W 8-12
A Nd or MS 13-20
AN4 or•MS 21 or more
FWC 1G Bhc 2

H 1ISC 3

i 8:C 5 or more
K 26 seriea (Amphonol) 1-8
L 26 " 9-16
M 26 17-2h
x 26 25-32
0 ;6 " 33 or mor
P Other - OF 1-3
q Other - GP 4-7
R Other - GP 8-12
S Other - OP 13-20
T Other - CP 21 or more
U Otlher - RF 1
V O"the'r - R 2
W Other - RF 3
X Othhr - R;;'
y ,thir - _w5 ,;r more
z Unclassified



K (R;ýLAY)

COVE R.uLAY CLASS ACTUATIONS

A General Purpose Lees than 1 every 10 hr.
B General fturpose 1 every 10 hr. - I per hr.
C General Purpose 2 - 5 per hour

G.D General urpoae 6 - 50 per hour
3 General Purvese 5?. - 4•99 per hour
F O"rol Purpose 500 per hour or more
o Power Lear than I every IC hr.
H Power 1 every 10 hr. - I per hr.
I Power 2 - 5 per hour
J Power 6 - 50 per hour
K Power 51 - 499 per hour
L. Power ý0=r c or;-i

-sensitive Lees than 1 every 10.br.
N Sensitive 1 eveory 10 hr. - 1 per hr.
0 Sensitive 2 - 5 per hour
P Sensitive 6 - 50 per hour
Q Q Sensitive 51 - h99 per hour
R Sensitive 500 per hour or more
S Thermal Less than 1 every 10 hr.
T Th7 ..rma" 1 every 10 hr. - 1 per hr.
U Thermal 2 - 5 per hour
V Thermal 6 - 50 per hour
W Thermal 51 - 199 per hour
I Thermal 500 per hour or more

Z Unclassified

L (COIL)

0ODE TYPF OF COIL If LA?

A Air Core A
B Air Coro B
C Air Core ,
i Air Core Other
F Air Cort. Unknown
F Air Core Not import.ant
U Iron Co:r ,
II Iron Co 13
I Ircn CCor. 1J r('Wi C z- it.
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L (CoIL) CONT.

TYPE OF COIL INSULATION

P R.F. Coil, Transformer A
Q H.F. CAl, Trans former B

f R.F. Coil, Transformer H
S R.F. Coil, Transformer Other
T R.?. Coil, Transformer Unknoirn

H.F. Coil, Transformer Not uapcrtant
2 Unclassified

R 1i'Ž51S1'OR)

CODE JAN O:l I' TYPE LODIFICATION

B RA Variation from baaic chart
C RA Closest to it
O RB Standard
E RB Variation from basic chart
F RB Closest to it
O RC Standard
H RC Variation from basic chart
I RC C.losst to it
J AN Standard
K AN Variation fror basic chart
L RN Closest to it
N RIP lariaition from basic chart
0 0i" (1>o0et tO itt
Q RV Variation from basic chart
R RV Closest to it
S :ý., Stardard
T [-I' Variation from basic chart
U R' I Closest to it

10? Jari:,tlion 7rtn bazic chart
X 1.U Ctosumt LO it.
z Unc~n7!ý 1vfd
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s (s4T )
CODE SWITCH TIWJ ACTJATIONS

A Rotary Less than 1 per 10 hr.B Rotary 1 per 10 hr. - I par hr.O Rotary 2 - 15 per hourD Rotary 16 per hor or more£ Senitiive, Large Lees than 1 per 10 hr.F Sensitive, Large I per 10 hr. - 1 per hr.o Sensitive, Large 2 - I," per hourH Sensitive, Large 16 poz hour or moreI Sensitive: small Less than 1 per 10 hr.J Sensitive, 3mall I per 13 hr. - I pbr hr.K Sensitive, Small 2 - 19 .ol hn,,.L S.nitive, Small I 6 r.i hrm.,. --L..,oM Toggle Less than 1 per 10 hr.N Toggle I per 10 hr. - I per hr.., Toggle 2 - 15 per hourP Toggle 16 per hour or moreQ Thermostatic Less than 1. peo 10 hr.R Thermostatic i per 10 hr. - I per hr.S Thermostatic 2 - 15 per hourT Thermostatic 16 per hour or more
Z Unclassified

T (TRwsFoMM)
GODS TMPE INSULATION

A: Filaent, Audio, Video AB Filament, Audio, Video BC Filament, Audio, Video B
D Filaent, Audio, Video OtherFilament, Audio, Video UnknownF Power AO Power V
It t'ower H
I Pow r Otth -r
J PFowl. I;n!mcownK Y-'l~e A
L Pi -

"o 1-u: t) . r•: nui.:
0 } ul. 3• Ifnnw
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T (TRANsgI~tzv2) OONT.

CODE TYPE INSULATION

p It.?. Coil, Transformer A
Q Ii.F. toll, Tranafonter B
R1 R.F. Coil, Transformer H
3 RF?. Coil, Transformer Other
T B.F. Coil, i-rann~orvier Unknown
U B.?. Coil, Trcnsforvmr Not important
Z Unclassified

flINIATUPt6

AA Diode
AB Dual Diode
AC Tr-iode
AD Dual Triode
A& Pentoed-Tetrode
A? Pentagrid.

AD "hyratzon
Ad Voltape lcorulator

OCrAL

BA Jiodo
SB Juial Diode
31v Triode
HU CuAW Triods

OF I'itrl
'C TIhyratron



-6o

V (TUBE) (XQUT.

SUBMINIATURE

CA Diode
CHI Dual Diode

C T riode
CD P~q' Niods

CE Pento * ýft~rode
CF Pentarrid
OD Thyratron

CJ Volta". Regulator

SP&CIAL

DA Diode
bs Dual Diode

DIC Triode
Im Dual Triad.

DE Pentode.-Tetrode
DF Pezit~aetd
DG~ Thyratron

D Thyrttron, Hy'drogenDI Dual Pentode
Di Voltape Revulator_
DK Mo~on
DL Diode-Gas

LK Dual Diode-GaaDH Cathodb yV-glectro.-taticDO Cathode Ray-91ectromsatij.j
Vp Phototube-oas

WAVEGUIDE TUIBE

EA Klystr-tn. receiving
F.8 Xystr-n., pover

SC pzLTR

rP Mnmnkvtron Ll DBr~r
6 Ba&ld
x Rend
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w (C•dt)

A ?. F. Cable
£ •Oi't."-my Cable
Z Uvnol&sj-f ied

X (TUBE b.ocK-r)

X as a symbol in present day usage stands for holler or
socket. I4, r.ust alwavs h% tinri- ± " norner sywbo1 to
.ignizy viat it holds, e..7. XV - tube socket. rherefo: *s
a generaL ", le "e .:1.1 e Vh.e rning it holds the Vuidepol't
aid c2l.,ify it aevordingly, e.g.

X - Tube socket would be rhaumed to
XV - Tube socket and since it holds a
12AT? in plece, it would be coded AD,
the code number associated with the tube.

Y (CRYSTAL,

CODE ITPE

A CR-18/u
nCIa•?i23 ed

CR- 32/U
Z U3nclassif'ied
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(iCI. tCtfrIs ANO II

A St~vndard ).1lay I. it

C hdrte TrnisPa riiw' ai j --*y . .2n-
D Lip'thouse 1P,A'1.n Mwt I i~ e;r *e ',
& Power Aawp1ftor tull , aIt
F Pulm na or-aug tic -au

I ~Dumwiy Load
4 ~At trus.tt...r
KLo-gower Am~plifier I'lbe Ca~vity

L Suppressor, lliw-aaitla
MCol'J., Rt.F. plxts clr(culL fur ndr. t.a'

N C-aciIJlator Suhbasmeibljv
0 Duxploxer Network

P LDirectional Goupler
Q 11roe"leector Aaetpmhly

Z tUnclassil'ied
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